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A Mp.nhod for Identifying Arrive SiAairanr^^« 



The preaent invention relates to a method for identifying 
active aubatances which affect the covalent bonding of polypep- 
tides to the surface of Gram- positive bacteria. 

In view of the increased occurrence of antibiotic-resistant 
strains I infections in humans caused by Gram-positive bacteria, 
are an increasing therapeutic challenge. The pathogenesis of 
these organisms is associated with a wide variety of bacterial 
surface proteins. Thus, pathogenicity factors anchored to the 
cell wall are Jcnown which promote bacterial adhesion by the 
binding to extracellular matrix components of the host tissues ^ 
such as collagen. Other factors bind serum components, such as 
IgG, and thus conceal the authentic bacterial surface from the 
host's immune system. Therefore, selective inhibition of the 
binding reaction of these proteins to the bacterial cell wall 
is of great medical interest. 

Schneewind et al. (Cell, Vol. 70, p. 267-281, 1992) have stud- 
ied the anchoring mechanism of protein A in the cell wall of 
Staphylococci, Protein A belongs to a growing class of surface 
proteins of Gram-positive bacteria which are characterized by a 
succession of the characteristic sequence motif LPXTG, followed 
by a group of 15-22 hydrophobic amino acids, and a C-terminal 
group of 5-12 charged amino acids. The conservation of these 
elements is considered an indication of a common export mecha^ 
niam of these proteins in different Gram-positive species. In 
order to establish the localization of protein A (discrimina- 
tion between protein A anchored in the cell wall and secreted 
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protein A) in 5. aureus, the authors enploy radioactive label- 
ing methods- The importance of the above mentioned sequence 
elements to cell wall anchoring is supported by using hybrid 
proteins and through mutagenesis of the LPXTG motif and of the 
C terminus. However, Schneewind et al. are concerned neither 
with enzymes which might catalyze the anchoring of the surface 
proteins, nor with their inhibition, 

The cell wall anchoring elements in surface proteins of Gram* 
positive bacteria are also the subject of another article by 
Schneewind et al. (EMBO J., Vol. 12, p. 4803-4811, 1993). It is 
shown that enterotoxin B, a protein normally secreted into the 
medium, can be anchored in the Stapbyiococcus cell wall through 
C-terminal fusion to the protein A anchoring signal. The re- 
sults support the hypothesis that the cell wall sorting is 
accompanied by a proteolytic cleavage of the polypeptide chain 
at the C terminus. Presumably, the LPXTG motif is the site of 
such cleavage and covalent binding to the cell wall while the 
charged sequence segment serves as a retention signal during 
the cell wall sorting. The relevance of the geometrical length 
of the hydrophobic domain, which is dependent on the folding 
properties, is confirmed by experiments. 

An article by Samuelson et al. (J, Bacterid., Vol. 177, No. 6, 
p. 1470-1476, 1995) is concerned with the cellular surface 
display of recombinant proteins on Staphylococcus csmosus. The 
surface display of the malaria peptide M3 is effected using the 
promoter, secretion signal and propeptide region of the lipase 
gene of S. hyicus and the cell wall amchoring regions of 
protein A of aureus. The hybrid protein structure further 
includes a serum albumin binding protein which serves for the 
detection of the recombinant surface -anchored proteins in a 
colorimetric sandwich assay. Further detection methods conprise 
immunogold electron microscopy, immunofluorescence assays and 
fluorescence-activated cell sorting (PACS) , Samuelson et al. 
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are not concerned with the exact molecular mechaniems of cell 
wall anchoring either. 

The structure of the cell wall anchor of the aurface proteins 
in Staphylococcus aureus is the subject of a report by Schnee- 
wind et al, (Science, Vol. 266, p. 103-106, 1995). The authors 
use a combination of molecular-biological and maaa-spectro- 
metric techniques and are able to show that after cleavage of 
the surface protein between threonine and glycine of the con- 
cerved LPXTG motif, the carboxy group of threonine is cova- 
lently bonded via tranapeptidization to the murein aacculus 
with the free amino group of the cell wall pentaglycine . How- 
ever, Schneewind et al. also fail to identify or characterize 
the protein believed to be responsible for proteolysis and 
transpeptidization, the so-called sortase. 

Straufi and Gotz (Molecular Microbiology, Vol. 21, p. 491-500, 
1996) are concerned with the in vivo immobilization of enzy- 
matically active polypeptides on the cellular surface of 
Staphylococcua camosus. They have constructed a hybrid protein 
which consists of Stapthylococcus hyicus lipase and. the C- ter- 
minal region of StaphylococauB aureus f ibronectin binding 
protein B (FnBPB) . To study the cell wall aaaociation of the 
prolipase, or the pro-LipFnBPB hybrid, the authors use a proli- 
pase -specific antiserum in an immunofluorescence assay and 
imminoblotting. Further examinations have demonstrated that a 
distance of about 90 amino acids between the C terminus of the 
enzyme and the cell wall sorting signal is evidently indispen- 
eible to an efficient folding of the lipase into its active 
conformation. The influence of greater distances has been 
examined on fusions of proLip and the C- terminal region of S. 
aureus protein A (proLipSPA, spacer with 1(5 amino acida) and 
5. aureus f ibronectin binding protein A (proLipPnBPA, spacer 
with 223 amino acids) . Additional experiments were performed 
with jB. coli P-lactamase as the reporter molecule. 
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WO-A- 97/08553 describes a method for the stable non^covalent 
display of proteinS/ peptides and other substances on the sur- 
face of Gram-positive bacteria. Conparative studies between the 
non-covalent display process and the covalent display process, 
which has been described in more detail above, were performed. 
When the C-terminal sorting signal of protein A, which results 
in covalent display « was replaced by the cell wall targeting 
signal of lysostaphin (SPA^) , an essentially unchanged binding 
intensity of FITC-labeled IgO to the Staphylococcus surface 
could be observed. 

US-A-5,616,686 discloses a polypeptide consisting of about 6 to 
20 amino acids which contains as an integral part a peptide 
construct which is responsible for the anchoring of virulence- 
determining proteins on the surface of Gram-positive bacteria. 
In particular, this construct is characterized by containing 
the amino acids L, F, T and G at positions 1, 2, 4 and 5, 
respectively, of the amino acid sequence. Due to the homology 
of these peptides with the sequences of the virulence determi- 
nants in the wild type surface proteins, the former presumably 
react with enzymes involved in anchoring. The result is that 
the virulence determinants of the bacteria cannot be anchored 
or can be anchored only to a lesser extent, and thus the prog- 
ress of the infection is prevented. However, the enzyme or 
enzymes involved in surface anchoring are not characterized in 
this patent specification either, 

W0-A-93/iei63 is concerned with the provision of fusion pro- 
teins which contain at least the anchoring region of Gram- 
positive surface proteins as well as varying proteins, polypep- 
tides or peptides, especially those having a therapeutic effect 
in humans and animals. The anchoring region coi^prises an LPSTGB 
segment, a spacer segment of the sequence TAN, a hydrophobic 
segment consisting of 20 amino acids, and a charged segment 
with the sequence KRKEEN. 



It is desirable to provide a method which allows the identifi- 
cation of active aubatancea which directly or indirectly affect 
the covalent bonding of polypeptides to the surface of Gram- 
positive bacteria. 

Surprisingly, this object is achieved by the method of the 
present invention. 

"Polypeptides" within the meaning of the invention means poly- 
mers usually composed of at least 20 amino acids and also 
comprises proteins, in particular. The amino acids are repre- 
sented by the one- letter code where X represents an arbitrary 
amino acid. 

In the following; the basis of a preferred embodiment of the 
method according to the invention shall first be set forth 
before the method for the identification of active exibstances 
is dealt with in detail - 

In a preferred embodiment, the method according to the inven- 
tion is to be considered an enzymatic reporter assay which 
detects the effect of substances on bacterial factors (targets) 
which directly or indirectly participate in the LPXTG-rootif- 
dependent C-terminal anchoring of polypeptides to the surface 
of Gram-positive bacteria. Among the large number of factors 
and processes which may have an effect on this process, the 
present invention preferably aims at those enzymatic steps 
which take place after the beginning of the translocation of 
the cellular surface polypeptides over the cytoplasmic mem- 
brane. In addition, the method according to the invention in 
part covers enzymatic and other targets which participate in 
the biosynthesis of cell wall murein, From the phenotypical 
characteristics of the cells used in the respective method, 
potentially active substances can be assigned to particular 
groups of targets. 



In a particularly preferred embodiment of the method according 
to the invention, the cellular and molecular baais of the 
reporter aesay is a recombinant Staphylococcus camoauB clone 
which contains a selectable expression plasmid with an induci- 
ble reporter gene fusion. The gene fusion codes for a hybrid 
polypeptide consisting of an N- terminal signal peptide, a pre- 
cursor protein of Staphylococcus hyicus lipase and a C-terminal 
portion of the f ibronectin binding protein B (FnBPB) from 
Staphylococcus aureus. After being produced in the cytoplasm, 
the hybrid polypeptide is transported through the bacterial 
cell membrane due to its N-terminal signal structures, and 
processed at the amino terminus by a signal peptidase. Further, 
a cleavage in the C-terminal LPXTG recognition motif is per- 
formed, and the remaining hybrid protein is covalently linked 
CO the murein. It has been e3q>erimentally established that 
different lengths of the FnBPB portion influence the building 
of enzymatic activity of the lipase fusions differently. One 
construct was identified which exhibited no lipase activity in 
its cellular-surface bound form (coded by plasmid pTX30Aa2) . 
However, if the corresponding fusion was released from the 
bacterial surface by treatment with lysostaphin after having 
been covalently anchored. the full lipase activity was 
achieved. Within the scope of the present invention, it has 
been recognized for the first time that interferences with the 
cell wall anchoring of the lipase function result in a release 
of the fusion with a concomitant occurrence of lipase activity 
in the culture eupernatants in the assay clone in question. As 
possible targets, various cellular factors may be considered 
which can be essentially divided into two groups according to 
their growth behavior. 

One target or group of targets is the enzyme or enzyme conplex 
designated as sortase which effects the carboxy- terminal cleav- 
age of relevant polypeptides in the LPXTQ motif and their 
subsequent covalent bonding to peptide conponente of the cell 
wall nuirein, such as interpeptide bridges, especially pentagly- 



cine units, on the surface of the bacteria. Although the inhi- 
bition of these functions presumably leads to the release of 
surface-bound factors and thus probably to the attenuation of 
pathogenic bacteria, it probably does not lead to significant 
impairments of the viability and dividabilicy of the bacteria. 
A characteristic phenotypical feature of this group of targets 
in the assay procediire is the release of lipase activity into 
the assay medium while the growth behavior of the bacteria is 
more or less unaffected. In contrast j the impairment of a 
target or group of targets having an essential function in 
murein synthesis results in massive changes in the viability 
and dividability of the bacteria which are phenotypically 
detectable. 

To demonstrate the potential suitability of the method accord- 
ing to the invention for the examination of the target 
"Bortaae", two different inhibition/mutation scenarios have 
been simulated using hybrid proteins which have been geneti- 
cally engineered in a well -aimed manner (see Exan5)le 1 and 
Figures 1 and 2) . 

After induction of the xylose promoter, S. carrJOSUs/pTX30Ae2 .mem 
produces a hybrid protein consisting of S- hyicus prolipaee and 
the C- terminal fragment of B. aureus fibronectin binding pro- 
tein B (FnBPB) wherein the LPXTG motif, which is inportant to 
the anchoring to the cell wall, has been exchanged for the 
sequence ISQAS (Figure 1) - In other embodiments, however, it 
may also be exchanged for any other sequence which preferably 
consists of 5 amino acids ► In a further embodiment, LPXTG sub- 
stitution is not necessary for the mem phenotype, but a com- 
plete deletion of the LPXTG motif may also be considered. Thus, 
the specific cleavage at the LPXTG motif and hence the covalent 
binding to the murein sacculus do not take place. Surprisingly, 
it could be shown that the hydrophobic anchoring sequence which 
is thus retained at the carboxy terminus of the fusion is 
evidently not sufficient to anchor the lipase stably and espe- 



cially in an inactive form in the cell coat and thus at the 
cellular surface. The lipase activity is quantitatively re- 
leased from the bacterial siirface into the culture medium. 
Thus, this clone simulates the inhibition of the cleavage 
reaction by sortaae, an essential step which preceeds the 
covalent bonding of the N- terminal cleavage product to the 
murein at the cell wall. 

After induction of the xylose promoter, S. carnosus/pTX30A82 .sec 
produces a hybrid protein consisting of S. hyicuB prolipase and 
a C-terrainal fragment of S. aureus fibronectin binding protein 
B (FnBPB) which ends with the motif LPBTGG (Figure 1) . This 
clone simulates the inhibition of the (covalent) bonding reac- 
tion between the lipase hybrid protein to be anchored, which 
has already been processed at the C terminus, and the cell 
wall. This clone quantitatively releases the lipase hybrid 
protein in the culture supernatant in an active conformation. 

According to the invention, the identification of active sub- 
stances which affect the covalent bonding of polypeptides to 
the surface of Gram-positive bacteria is effected by a method 
conprising the following steps: 

a) providing a earaple of Gram-positive bacteria which contain 
or produce at least one eniymatic reporter substance which 
is or can become covalently bonded to the surface of the 
Gram-poflitive bacteria, said at least one reporter sub- 
stance having a different enzymatic activity when not co- 
valently bonded to the surface of the Gram-positive bacte- 
ria from that exhibited when it is covalently bonded to 
the surface of the Gram-positive bacteria; 

b) contacting the sample with a possible active substance,- 

c) assaying the enzymatic activity of the reporter substance 
of the Gram-positive bacteria of the sanple. 



Within the meaning of the method according to the invention, 
"when not covalently bonded" includes both non-covalent bonding 
to the surface of the Gram-poeitive bacteria and conplete 
release. 

Said assaying of the enzymatic activity of the reporter sub- 
stance of the Gram-positive bacteria of the sample can prefera- 
bly be done by comparison with at least one reference sample 
which has not been contacted with the active substance, and/or 
at least one reference sample in which the reporter substance 
is non-covalently bonded. to the surface of Gram-poeitive bacte- 
ria, and/or at least one reference sample in which the reporter 
substance is covalently bonded to the surface of the Gram- 
positive bacteria, and/or at least one reference sample in 
which the reporter substance is present without covalent bond- 
ing to the surface of the Gram-positive bacteria. 

The method according to the invention advantageously allows the 
selective identification of such active substances as directly 
or indirectly affect the covalent bonding of polypeptides to 
the surface of Gram-positive bacteria. As set forth above, the 
putative process of surface anchoring comprises two specific 
steps ; 

a) cleavage between threonine and glycine of the LPXTG motif ; 
and 

b) covalent bonding of the threonine to peptide components of 
the cell wall, especially the interpeptide bridge. 

Thus, the method according to the invention detects both active 
substances which inhibit the cleavage reaction and thus also 
prevent the covalent bonding of the polypeptides, and those 
active substances which possess an inhibitory function in the 
second step of surface anchoring. As set forth above, these 
scenarios have been simulated using reporter substances which 



had been genetically engineered in a well-airaed manner, and 
thufl the baeie of the method according to the invention was 
created. In addition, the method according to the invention 
detects also those active eubatancea which have an inhibitory 
effect on cell wall biosynthesis, e.g., through the inhibition 
of cell wall bioeynthetic enzymes, so that the covalent bonding 
of polypeptides, especially pathogenicity factors, to the cell 
wall, especially to interpeptide bridges of the noirein saccu- 
luB, is no longer possible, or only to a limited extent. In 
addition, the method according to the invention also detecto 
active substances which release polypeptides already covalently 
anchored in the cell wall, e.g., through the activation of cell 
wall hydrolases. 

In a preferred embodiment of the method according to the inven- 
tion, a hybrid polypeptide having a succession, in particular, 
of the following sequence segments is used as a reporter sub- 
stance: N-terminal signal peptide, enzyme, sequence segment 
having the sequence LPXTO, hydrophobic sequence segment, and 
charged sequence segment. The signal peptide is proteolytically 
removed in the course of the secretory processing pathway. Ab 
shown in the following Examples, S. hyicua lipase, in particu- 
lar, can be used as the enzymatic component of the hybrid 
polypeptide. However, it may also be of advantage to use B. 
coli P- lactamase or other enzymes. Naturally occurring surface 
polypeptides as well as genetically engineered hybrid polypep- 
tides may serve as reporter substances which can be detected in 
the medium due to the action of suitable active substances, 
using the whole range of known chemical, biochemical and immu- 
nological methods. However, in order to ensure a high san^le 
throughput while maintaining the reliability of the method 
according to the invention, it is advantageous, in particular, 
to use hybrid polypeptides having enzymatic activity as re- 
porter substances. Thus, those active substances which affect 
the proteolytic cleavage of the signal peptide as well as the 
vhole transport route through the cytoplasmic membrane do not 
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reault in the appearance of the active reporter substance in 
the supernatant. 

In addition, it may be preferred to uae reporter aubecancee 
having at leaat one detectable property wherein said reporter 
substance has an altered detectable property when not cova- 
lently bonded to the sxirface of the Gram-positive bacteria as 
compared to that exhibited when it is covalently bonded to the 
surface of the Gram- positive bacteria. 

It may further be preferred to provide the enzyme as a proen* 
zyme - 

In addition, it may be particularly preferred to determine the 
change in enzymatic activity due to a transition of the enzyme 
from an inactive to an active conformation or vice versa. This 
may preferably be achieved by using a linker peptide provided 
between the enzyme and the LPXTG motif. 

In a preferred embodiment of the method according to the inven- 
tion, the number of amino acids of the linker peptide is chosen 
such that the enzyme is anchored to the surface of the Gram- 
positive bacteria in an inactive conformation. When S. hyicua 
lipase is used, the number of amino acids in the linker peptide 
shoiild be less than ten, in particular. In another eihbodiment , 
the enzyme could be directly fused with its C terminus to the 
LPXTG motif, avoiding the linker peptide. Thus, in the absence 
of the active substance , the Gram-positive bacteria bear inac* 
tive enzymes covalently bonded to their surface which, when not 
covalently bonded, especially if released from the surface of 
the Gram-positive bacteria, fold into an active conformation 
and thus undergo a detectable change in one of their proper- 
ties, i.e., enzymatic activity in this case. 

It is particularly preferred to perform the method according to 
the invention with those Gram-positive bacteria which have a 
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low natural cell wall turnover and/or a small number of cell 
wall proteases and/or a small number of secreted proteases, in 
order to minimize the fraction of false positive results in the 
search for suitable active substances. Thus, the method accord- 
ing to the invention can be performed not only with naturally 
occurring Gram-positive bacteria, such as camoaus, but also 
with bacteria which are already genetically altered. 

In addition, it may also be preferred to perform the method 
according to the invention with Lif expressing cells. Lyso- 
etaphin immunity factor (Lif) 03q)resaing Gram-positive cells 
exhibit modifications in the murein framework of the cell wall. 
These chemges have no influence on the bonding reaction of 
cellular surface proteins in the cell wall. Example 2 describes 
a preferred embodiment of the method according to the invention 
for examining the anchoring of proteins in the cell wall of Lif 
expressing cells using the exemplary S. hyicus lipase or pro- 
LipPnBPB. The comparison of the enzymatic activity of the 
lipase on the cell wall and in the supernatant of the culture 
medium showed that the Lif expression has no influence on the 
secretion of the lipase or the anchoring of proLipFnBPB in the 
cellular surface. 

In a particularly preferred embodiment of the method according 
to the invention, the assaying of the enzymatic activity of the 
reporter substance is done using fluorescence spectroscopy, 
especially confocal fluorescence spectroscopy, as shown in 
Example 1. In this case, it is possible to eniploy the known 
methods of one- or more*photon excitation. The method of fluo- 
rescence correlation spectroscopy (PCS) , in particular, as 
described in detail in WO-A-94/16313, has proven an advanta- 
geous assaying method. Instead of the device described in the 
above mentioned patent application, it may also be preferred to 
perform PCS using elements of near- field spectroscopy as set 
forth in DE-C'44 38 391 and the corresponding WO-A- 96/13744. 
These citations are incorporated herein by reference. 
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HO-A-9B/16814 describes a method for the analysis of aanples 
containing particles by repeatedly measuring the number of 
photons per defined time interval of emitted light or light 
scattered in the sample , followed by a determination of the 
distribution function of the nuniber of photons per defined time 
interval from which the distribution function of particle 
brightness is then determined. This method can also be prefera- 
bly employed for the examination of luminescent, especially 
fluorescent, samples, a specific embodiment in which it is 
called fluorescence intensity distribution analysis (FIDA) . The 
disclosure of these citations is incorporated herein by refer- 
ence . 

Dyes suitable for fluorescence measurements are known to those 
skilled in the art from the literature. For example, it may be 
preferred to determine the conversion of a substrate which 
undergoes a change in its fluorescence properties. Further, it 
may be preferred to employ a reporter assay using fluorescent 
or luminogenic proteins, such as GPP (green fluorescent pro- 
tein) . 

In another embodiment of the method according to the invention, 
it is possible to add groups of possible active substances to 
the eatt?>le of Gram-positive bacteria, and to perform a further 
differentiation of the group if a positive signal is obtained. 
In addition, if a possible active substance does not positively 
interfere with the sample, another possible active substance 
may be added to the sample without changing the sanqple. In this 
case, possible active substances are sequentially added. It is 
also possible in this case to establish synergistic effects, If 
the substance which has proven active behaves otherwise in a 
control experiment than it has behaved in admixture with the 
apparently inactive substance or substances. 

Another embodiment of the method according to the invention 
detects the anchoring of the reporter substances at the cellu- 
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lar sxxrface, in addition to aaaaying their enzymatic activity. 
This further embodiment of the method according to the inven- 
tion aa described in Example 3 allows to establish whether 
proteins are prevented from being released by non-covalent 
bonds. This special embodiment allows to determine in which way 
the reporter substance ia bound to the murein framework. Ac- 
cording to Figure 3, muramidaae Ch preferably cuts into the 
cell wall of Oram-poaitive bacteria so that proteins anchored 
in the cell wall are cleaved together with cell wall fragments 
of variable length (Schneewind et al., EMBO J. 12: 4803-4811i 
1993) , In contrast, non-covalently bonded proteins cleaved by 
muramidaae Ch all have the same molecular weight (Schneewind et 
al., EMBO J. 12: 4603-4811, 1993) . Theae citations are incorpo- 
rated herein by reference. According to thia particular embodi- 
ment, the distinction between the different cleavage products 
is done by SDS-PAGE (aodium dodecylaulfate polyacrylamide gel 
electrophoresis) and immunoblotting- For illustrative purposes, 
Che SDS-PAGE running behavior of covalently anchored proteins 
after release by muramidaae Ch and lysoataphin treatment is 
shown in Figure 4. 

In a particularly preferred embodiment of the method according 
to the invention, distinction can be made in the culture medium 
aa to whether the release of cell wall proteins was caused by 
the action of substances which affect the anchoring mechaniam 
at the surface of Gram-positive bacteria or by natural changes 
of the cell wall. In addition to the aaaaying of the enzymatic 
activity according to the invention, characterization of the 
released polypeptides ia performed. Example 4 illuetratea this 
with proLipFnBPB from pTX30 and pTX30/pCXlif -expreasing cells. 
ProLipFnBPB released from these cells by natural changea of the 
cell wall shows an expanaion of lipaaea of different lengths in 
the gel-electrophoretic examination and sxibsequent imraunoblot- 
ting. Instead of an expanded band consisting of a number of 
overlapping lipase -specific signals, cell wall proteins di- 
rectly released from the cell, aa the proteina obtained by the 
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action of lysoataphin (BO rag-ml"^ in BM, 30 min at 37 «C) from 
Che supernatant of non-Lif -expreeaing cella, show a narrour, 
sharply bounded band in SDS-PASB and subsequent iitimunoblotting. 

Figure 1 illustratively describes the structure of a hybrid 
protein which can be einployed as a reporter substance (assay 
plasmid pTX30A82) and the above mentioned structures of the 
h:^rid proteins used for the simulation of the method according 
to the invention (plasmids pTX30A82,sec and pTX30A82 .mem) in 
con^arison to the structure of S. jiylcuo lipase (plasmid 
pTXlS) - At the N termin\ie, there is located the so-called 
signal peptide (cross-hatched) which enables the transport of 
the proenzyme (schematically represented by PP and lipase) 
through the cytoplasmic membrane and is removed proteolytically 
in the course of the secretory processing. The lipase is pref- 
erably followed by a linker peptide whose length is selected in 
such a way that the lipase can be anchored at the surface of 
the Gram-positive bacteria in an Inactive conformation* This is 
followed by the LPBTG motif, hydrophobic and charged sequence 
segments (assay plasmid pTX30A82) . In the hybrid protein used 
for simulation (plasmid pTX30A82 .mem) , the LPXTQ imtif is 
replaced by the sequence ISQAS. In the hybrid protein used for 
another simulation (pTX30Ae2.sec) , the linker peptide is only 
followed by a sequence segment of the sequence LPETGO. 

Figure 2 shows the quantification of the lipase activity in the 
simulations clones. The respective lipase activity in the 
culture supernatant was determined in relation to the total 
activity of the respective clone. 

Figure 3 shows the structure of the peptidoglycane in Staphylo- 
cocci with a C- terminally linked surface protein. The cleavage 
sites for muramidase Ch and lysostaphin are highlighted. 

Figure 4 represents the influence of lysostaphin on the cellu- 
lar surface proteins which were released from the cell wall of 
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S. camoBUB by muramidase ch. ProLlpPnBPB was synthesized In 
these cells in the presence (+) or absence (-) of Lif (pCXLif) . 
The released hybrid proteins were incubated in the presence (♦) 
or absence (-> of lysostaphin and Bubsequently characterized by 
SDS-PAGE (10% acrylamide) and immunoblotting (prolipase-speci- 
fic antiserum) according to Straufi and G6t2 (Mol. Microbiol. 
21: 491-500, 1996). The molecular weight of the protein stan- 
dards (in kDa) is given on the left margin. 

Figure 5 shows the influence of lysostaphin on proLipPnBPB 
which was released from 3. caxnoeue into the culture medium by 
natural cell wall changes. 

Siqjematanta of cells esqpreasing proLipPnBPB (pTX30) in the 
presence (+) or absence (-) of Lif (pCXLif) were examined in 
the presence (+) or absence (-) of lysostaphin. As the refer- 
ence, there was used proLipPnBPB released by the action of 
lysostaphin from the cell wall of S. camosue cells which only 
contained the plasraid pTX30. The proteins were separated by 
SDS-PAGE (10% acrylamide) . and immunoblotting (prolipase-apeci- 
fic antiserum) was performed. The molecular weights of the 
standard molecules are given on the left margin. 

Kuaplfl 1 

Sim^l^a^i^»n aeenayioa 
Strains and plaamida 

The wild type strain S. cazaoaua TM300 (QdtZi P., J. Appl. 
Bacteriol. Symp. Supp. 69: 49-53. 1990) was used as the host 
organism for the production of all recombinant Staphylococcus 
strains. The preparation of the assay plaamid pTX30A82 is 
described in the following: 



The plaamid pTX30A82 waB prepared by analogy with the plaemid 
paC30AB2 (Straufi and G6tz, Mol. Microbiol. 21: 491-500. 1996). 
However I rather than the chloramphenicol selectable plaamid 
pCXlS (Wieland et al., Gene 158; 91-96, 1995), the tetracyclin 
selectable plaemid pTXl5 (Peachel et al., PEMS Microbiol. Lett, 
137: 279-284, 1996) was used ae the starting vector- This 
plasmid contains a gene fusion which encodes the assay hybrid 
protein (proLipPnBPBAa2) consisting of 5. hyicus lipase and the 
C-terminal portion of the fibronectin binding protein B (PnBPB) 
and which is under the control of the inducible xylose promoter 
(Wieland et al.. Gene 158: 91-96, 1995). The distance between 
the C-terminal alanine residue of the lipase and the leucine 
residue of the LPXTG motif of FnBPB was 10 amino acids (Figure 
1). 

The plasmids pTX30Ae2.mem and pTX30Ae2.Bec were prepared by 
analogy with the plasmid pTX30A82 using the oligonucleotide 
pairs (SEQ. ID, NOS. 2 to 5) AS14 (5 • -ATAAGGCGCCTTAGTTTAATTATQ' 
CTTTGTGATTC) /AS45 (5 ' -CGCAGGBUVGCTT-ACCAC^ATCrAAGAAATCTQAAAT 
TCAAGCaAGTGGAGAAG) and AS42 ( 5 » -AATAAOGaK:CTCArrATCCACCTGTTTCA- 
GGTAGTTC) /AS22 ( 5 ' -ACGAAAGCT-TACGACAATCTAAOAAATCTGAAC) , Start- 
ing with pTX30- The plasmids pTX30482. pTX30A82.mem and 
pTX30A82.sec were transformed into 3. carnosus TM300 (G6tz and 
Schumacher, PEMS Microbiol. Lett. 40: 285-288, 1987). The 
citations mentioned are incorporated herein by reference. 

Media 

For culturing the bacteria in liquid culture, basal medium (BM) 
was used which contained 1% peptone, 0.5% yeast extract, 0.5% 
NaCl, 0.1% glucose and 0.1% dipotaaaium hydroger^hosphate (pH 
7.4). For the induction of the xylose promoter, modified basal 
medium (induction medium) was used in which the glucose had 
been replaced by 0.5% xylose. According to need, chlorampheni- 
col (Cm, 10 mg/1) , tetracyclin (Tc, 25 mg/1) and erythromycin 
(Em, 2.5 mg/1) was added to the BM. Agar selection plates were 
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aupplemented with 15 g/1 agar. Lipase teat plates were prepared 
using tributyrin-agar base (Merck) according to the supplier's 
itifltructiona . Prior to casting the plates, 1% glycerol tribu- 
tyrate and the corresponding antibiotics (Tc, Em) were added to 
the agar. On these plates, lipase-releasing bacterial cells can 
be identified by the formation of clear halos. 

Part I: Localization and Quantification of lipase activity in 
the simulation clones 

5 ml each of basal medium were inoculated from a plate with the 
wild type strain 3. camoauB TW300 or the above described S. 
camosus clones and incubated at 37 over night with shaking. 
,0 With these preculturea, 5 ml each of induction medium was 

inoculated at 1:100 and shaken at 37 »C until the late logarith- 
mic growth stage was reached. The cultures were cooled to 4 
fy prior to determinirxg the lipase activity in the culture super- 

E natant and the cell-bound lipase activity after release by 

treating the cells with lyaoataphin according to StrauS and 

□ G6tz (Mol. Microbiol. 21: 491-500, 1996). The total activity 
fi- was obtained as the sum of the cell-bound activity and the 

activity in the culture supernatant. Subsequently, the respec- 
Q tive lipase activity in the culture supernatant was detertnined 

□ in relation to the total activity of the corresponding clone 
(Figure 2) . This citation is incorporated herein by reference. 

Part XI; establishing of a fluorsacence-BpectroQCopy baaed 
aaeay inethod 

The S. caxnoauB clones S. camosus/pTX30A82 , /pTX30A82 .mem and 
/pTX30A82 .sec were cultured over night at 37 «>C in basal medium. 
The cell densities of these cultures were dtermined by measur- 
ing the optical densities (ODS76) in a photometer, and dilu- 
tions (about 1:200) of equal cell densities were prepared. For 
preparing these dilutions, modified basal medium (induction 
medium) was used. Then, the diluted cultures were again allowed 
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to grow at 37 •<:. in varloua experiments^ both microtitratlon 
plates and other vessels were used for the cultures. 

At different times of eultivatio)(f, the lipase activity released 
by the bacteria was determined /in the culture supematants. The 
cells were pelletized by cahtrtfugation, the culture super- 
natants were taken off and, ylf necessary, stored on ice. Assays 
were performed in microtJ^tration plates (100 ill) with glass 
bottoms. The lipase assay buffer was constituted as follows: 
10 m Caclj, 0.0S% Tritoto X-IOO. 20 nM Tris/HCl, pH 6.0. As the 
fluorogenic dye substr&te, l,2-o-dilauryl-rac-glycero-3-glutar- 
ic acid resorufin estfer (Sigma # D7414) was used. The sxibstrate 
BtocJc solution was Prepared in 100% DMSO at 1 mg/ml and stored 
at -20 »C. Per measuring eanple, 10 ^il each of the culture 
supematants was yfaixed with 80 fil lipase assay buffer and 10 jil 
substrate eolutiton (10 jiM final concentration). The conversion 
of the subetratii was determined by fluorometry using a fluores- 
cence (ELISA) /reader, or by means of a fluorescence correlation 
spectrometer / such as ConfoCor''*' (Carl Zeiss. Jena, and Bvotec, 
Germany) . / 

While clone S. camosus/pTX30A82 gave insignificantly higher 
signals than those from the negative control (only buffer and 
substrate) in the measurements, significant amounts of lipase 
activity were found in the culture supematants of the two 
clones S. camosufl/pTX30AB2.mem and S. camosus/pTX30A82.sec. 

btfiple 2 

StrAina and plaanida 

The citations stated in the following are incorporated herein 
by reference. 

The wild type strain S. camosus TM300 (Gdtz, P., J. i^l. 
Bacteriol. Syin>. Supp. 69: 49-53, 1990) was used as the host 
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organiam for the production of all recombinant Staphylococcua 
strains. The plaemida pTXl5, pTX30 (encodes ProLipPnBPB, a 
hybrid protein consisting of S. hyicus lipase linked to the C 
terminus of S. aureus f ibronectin binding protein B) and pCXlif 
(lif, lyaostaphin itraminity factor) were transformed into S. 
cajmosus TM300 as described by G6tz and Schumacher (FEMS Micro- 
biol. Lett. 40: 285-288, 1987). 

The construction of pCXIif was effected according to the method 
described by Thumm and Gdtz (Mol- Microbiol. 23: 1251-1256, 
1997) . 

The plaamid pTX30 was prepared by insertion of the BamHI-Narl 
fragment of pCX30 (Straufi and G6tz, Mol, Microbiol. 21: 491- 
500, 1996) into the plaamid pTXlS cut with the same restriction 
enzymes . 

The genes were expressed under the control of the xylose pro- 
moter system (Wieland et al., Gene 158: 91-96, 1995). The 
induction of the expression was effected as described by StrauS 
and G6tz (Mol. Microbiol. 21: 491-500, 1996). 

The sequences of the nucleic acids used herein have been depos- 
ited with gene banks as follows! gene bank entry number; plaa- 
mid pT181: gl51679? xylR (S. xylosus) : g48833; lip (S. hyicus) : 
9488333; plasmid pC194 : gl50548; fnbB {S. aureus) t g49040. 

Media 

The bacteria were cultured In basal medium (BM; see Exanple 1) 
at 30 oc. According to need, chlorairphenieol (Cm, 10 mg/l) or 
tetracyclin (Tc, 25 mg/l) was added to the basal medium. 
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The influence of the lyaoataphin immunity factor (Lif) on the 
seex-etlon and anchoring of S. hyicua lipase or proLipFnBPB in 
the cell wall by coaparing the lipase activities on the cell 
wall and in the aupematant of the culture nedixm. 

The cell cultures (pTXlS, pTX30, ^TXlS+pCXlif , pTX30+pCXlif ) 
were first separated into cell pellets and medium by centrifu- 
gation. Then, the pellets were w/ehed three times with BM and 
taken up in BM. Cell wall proteins released from pTX30 express- 
ing cells by treatment with ly/ostaphin (80 ng/ml in BMj 30 min 
at 37 -C) served as the reference. Dilutions from the san^les 
were made. Thus, 95 nl of li/ase assay buffer (10 nM CaCla, 0.1% 
Triton X-100 and 20 mM Trife-HCl, pH 8.5) containing the chro- 
mogenic lipase substrate 6-nitrophenyl caprylate [SigmaJ in a 
concentration of 5 mM wad added to 5 (il each of the culture 
supematantB. The hydrolysis of the substrate was subsequently 
followed over 10 minutes/ at 30 photometrically using a micro- 
titrat ion, plate (ELISa/ reader (SpectraMax, Molecular Devices) 
or by means of flutSrescence correlation spectroscopy with 
ConfoCor at a wavelength of 405 nm. The assays were performed 
in microtitration plates with or without a glass bottom. 

All in all, it was found that the total lipase activity in the 
supernatant was 99.2% for cells e3q)ressing pXTlS, and 99.1% in 
cells expressing both pXTlS and pCXlif. Cells containing pTX30 
served as a control for the anchoring of the lipase in the cell 
wall. In contrast to, e.g., pTX30AB2 encoded proLipPnBPBA82 
(see Example 1), the pTX30iancoded proLipFnBPB is enzyroatically 
active when anchored in the cell wall, in these cells, the 
total lipase activity at the celliilar surface was around 85.1%, 
as in cells which expxeaeed both pTX30 and pCXlif (84.5%) . 

Thus, it could be shown that Lif expression has no influence on 
the secretion of lipase or the anchoring of proLipPnBPB in the 
cellular surface. 
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Strains and plaamids 

The atralna and plasmlda used are those mentioned in Exannple 2. 
Media 

The bacteria were cultured in baeal tnedium (BM; see Bxanple l) 
at 30 According to need, chloramphenicol (Cm, 10 mg/1) or 
tetracyclin (Tc, 2S mg/1) was added to the basal medium. 

Determination of the enzymatic activity of the releaaed pro- 
teins 

The lipase activity released by the bacteria was determined in 
the cultxxre supernatants as follows: 

The cells were sediment ed by clentrifugationi the culture super- 
natants were taken off and, /f necessary, stored on ice* Assays 
were performed in microti taction plates without a glass bottom. 
The lipase assay buffer/(10 raM CaCl^, 0.1% Triton X-100 and 
20 nM Tria/HCl, pH 6 . sv/ contained the chromogenic lipase sub- 
strate p-nitrophenyl /aprylate [Sigmal in a concentration of 
5 xM, Per measuring ysample, 5 /il each of the culture euper- 
natante was mixed w/th 95 iil lipase assay buffer. The conver- 
sion of the substnte was determined by photometry using a 
microtitration plate (BLISA) reader. 

Distinction between proteins wiiich are covalently or non-cova- 
lently bonded to the cell wall 

In order to exclude that any proLipPnBPB is non-covalently 
bonded to the cell wall of the e^reasing cells and for this 
reason is not covered in the determination of the enzymatic 
activity in the supernatant; a strategy has been developed 
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which is based on the use of muramidaae Ch and lyaoataphln. 
Muramidaae Ch hydrolyzes the p-l,4-linkage of H-acetylinurafnic 
acid and acetylglucoaamine (Flgixre 3) (Ghuyaen, Bacterlol. Rev. 
32; 425-464, 196B) . It does not cut directly at the linkage 
sites of the surface proteins to the cell wall ao that the 
proteins are cleaved together with cell wall fragments of 
variable lengths (Schneewind et al-, EMBO J. 12; 4803-4811, 
1993) . In contrast, non-covalently bonded proteins cleaved by 
muramidase Ch all have the same molecular weight (Schneewind et 
al.r EMBO J. 12: 4803-4811, 1993). The citations mentioned are 
incorporated herein by reference. 

The cells were obtained from 500 /a1 cultiAre medium by centrifu- 
gation. Then, the pellets were washed three times with water 
and precipitated by adding trichloroacetic acid (7% w/v) 
(20 min on ice) , After centrifuging the precipitate, the pellet 
formed was washed twice with acetone and dried in vacuo- The 
pellets were then dissolved in 170 /il BM to which muramidaae Ch 
(100 /xg-ml"^) had been added, and the solution was incxibated at 
37 ^c for 3 h. Then, the samples were again centrifuged, and the 
supernatant was divided into two aliquots of 80 ^1 each; 20 /il 
of water was added to one of them, and 20 fil of lyeostaphin 
solution (400 mg*ml~^) waa added to the other. The solutions 
were incubated at 37 "'C for 30 min. The individual aliquota were 
then concentrated and examined using SDS-PAGE (10% acrylamide) 
and inmunoblotting (with prolipaee-epecif ic antiserum) . 

It was found (Figure 4) that muramidaae Ch results in complete 
release of proLipFnBPB from the cell wall of S. camosus, 
irrespective of whether or not Lif (pCXlif) was also expressed 
in these cells. In both cases, a spectrum of lipase -specific 
signals could be seen on the gel as an expansion which is due 
to cell wall fragments of different lengths covalently bonded 
to proLipFnBPB. 
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For the discrimination of Lif -expreeaing cells, the samples 
were treated with lysostaphin in a parallel r\in prior to per- 
forming the gel electrophoresis and the immunoblotting. It was 
found that in the cases in which proLipFnBPB was released from 
cells which did not express Lif, the residues of the cell wall 
anchoring were cotrpletely removed. On the gel, this could be 
seen as a sharp band. Surface proteins derived from Lif- 
expreseing cells were not lysostaphin- sensitive (Figure 4) - 

Sxuple 4 

Strains and plaamids 

The strains and plasmids used are those mentioned in Example 2. 
Media 

The bacteria were cultured in basal medium (BM; see Example 1) 
at 30 °C. According to need, chloramphenicol (Cm, 10 mg/1) or 
tetracyclin (Tc, 25 mg/1) wae added to the basal medium. 

Determination of the enzymatic activity of the released pro- 
teins 

The lipase activity released by the bacteria was determined in 
the culture supernatants in accordance with Example 3 . 

Determination of the fraction of surface proteina released from 
S. camosus by natural cell wall changea 

One important characteristic of cell wall proteins released by 
natural cell wall changes is being covalently bonded to the 
cell wall prior to the release. For determining the fraction of 
naturally released proteins, the culture supernatant of cells 
containing the plasmids pCXLif and/or pTX30 is concentrated and 
analyzed by SDS^PAGE and immunoblotting. proLipPnBPB released 
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by lyaoBtaphin from cells which only contained the plaamid 
pTX30 was used as the reference. In addition to deconpoaition 
products which had a greater elect rophoretic mobility than that 
of the reference, a number of overlapping lipase- specific 
signals were observed as an expansion. Incubation of the supers 
oatant with lysoataphin (80 mg-ml'^ in BM, 30 min at 37 "C) 
prior to gel electrophoresis and immunoblotting had an effect 
only on those proteina which had been obtained from the super- 
natant of non-Iiif-expreaaing cells. Instead of the escpanaian of 
a number of overlapping lipaae-speoif ic signals, a limited band 
can be seen which exhibits the sane electrophoretic mobility as 
the reference. The lipase -specific signals derived from cells 
which expreaa Lif and proLipFnBPB are not affected by lysosta- 
phin. 

In this study, it was found, in addition, that a total of S% of 
the total lipase activity of cells ea^reseing ProLipFnBPB by 
low-copy number plaaraids, was measured in the supernatant from 
natural release whereas even 15% of the total lipase activity 
could be determined in the supernatant for medium- copy number 
plasmids. The coeaqpresaion of other aurface proteina had no 
influence on the releaae of lipaise« 



